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prediCTors of baT speCies riChness wiThin The islands of The Caribbean 
basin
Justin d. HoFFman, gabRiEllE d. KadlubaR, scott c. PEdERsEn, RoxannE J. laRsEn, PEtER a. laRsEn, 
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absTraCT
Several mechanisms have been shown to influence species richness among island 
ecosystems, yet most studies limit their focus to a few predictor variables.  The objec-
tive of this study is to investigate variation in Chiropteran richness across islands in 
the Caribbean Basin with an extensive set of predictor variables.  Using recent faunal 
surveys, the most contemporary list of bat species per island was complied.  Data were 
collected on 17 predictor variables, which summarized five general island characteris-
tics including island area, isolation, habitat diversity, human impact, and climate.  An 
information-theoretic approach was used by fitting alternative candidate models to de-
termine which variable(s) best predicted bat species richness.  Island area and timing of 
human colonization were most important when islands located on the continental shelf 
were included in the analysis.  When these islands were removed, measures of habitat 
diversity and climate became the most important predictors for all island groups except 
the Bahamas, where no variables predicted species richness better than chance.  The 
results of this analysis highlight the importance of island area, habitat heterogeneity, 
and climate in determining the bat species richness on Caribbean islands.
Key words:  area, Caribbean Basin, Chiroptera, climate, habitat diversity, island 
biogeography, isolation, Mammalia, species richness
inTroduCTion
Island ecosystems have provided valuable insight 
to the studies of ecology, biogeography, and evolution. 
Due to their variation in size, location, geologic history, 
and environmental conditions, islands provide ideal set-
tings for natural experiments and were the major focus 
of seminal publications by Darwin (1859) and Wallace 
(1860, 1880).  One of the most influential works on 
island dynamics in the 20th century is MacArthur and 
Wilson’s equilibrium theory of island biogeography 
(MacArthur and Wilson 1963, 1967).  This theory 
postulates that species richness on an island is the de-
terminant of two dynamic processes—extinction and 
immigration.  The authors hypothesized that rates of 
extinction would be lower on larger islands compared 
to small ones and that immigration rates would be 
higher to islands located closer to the mainland.  Two 
prominent hypotheses that often have been proposed for 
explaining patterns of species richness on islands are 
“area per se” and “habitat heterogeneity” (MacArthur 
and Wilson 1963, 1967).  The area per se hypothesis 
proposes that species richness is the result of the dy-
namic relationship between extinction and immigration. 
Specifically, it states that population sizes increase 
on large islands, which will subsequently decrease 
extinction rates.  Additionally, larger islands should 
have higher immigration rates.  Combined, these two 
dynamic processes should lead to higher species rich-
ness.  The habitat heterogeneity hypothesis predicts that 
more complex habitats possess more niches that can be 
exploited by a higher variety of species.  It is assumed 
that as island area increases, new habitats are added, 
thus resulting in more species.  There has been much 
debate over which hypothesis better predicts species 
richness, with some recent studies suggesting that the 
two hypotheses are not mutually exclusive but rather 
complimentary (Kallimanis et al. 2008).
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Quantifying habitat diversity, especially over 
larger spatial scales, can be problematic (Ricklefs and 
Lovette 1999).  In lieu of reliable habitat data, a fre-
quently used surrogate for habitat diversity is maximum 
elevation (Pedersen et al. 2018b).  Higher elevations 
are often equated to more topographic diversity and are 
often strongly correlated with diversity in plant species 
(Tews et al. 2004).  More advanced measures of habitat 
heterogeneity such as surface ruggedness (Grohmann 
et al. 2011) and the 3D volume of a habitat (Flaspohler 
et al. 2010; Davies and Asner 2014) have proved suc-
cessful in predicting suitable habitat, but have yet to 
be used in studies of island biogeography.  
Another aspect of island area that can effect spe-
cies richness is the amount of area lost since the Last 
Glacial Maximum (LGM).  The deglaciation events 
that occurred ~22,000 to ~13,000 years before present 
caused significant changes in climate and landscape 
features of the Northern Hemisphere including dramatic 
rises (~125 m) in sea level (Hag et al. 1993; Hearty 
1998; Yokoyama et al. 2000; Curtis et al. 2001; Clark 
et al. 2002, 2009; Gehrels 2010).  This resulted in sig-
nificant land loss and has been linked to the extinction 
of certain species and subsequent loss of diversity on 
islands (MacFarlane et al. 1998; Morgan 2001; Dávalos 
and Russell 2012; Rijsdijk et al. 2014).  However, there 
has been some debate on whether the LGM is the cause 
of these extinction events (Soto-Centeno and Steadman 
2015; Stoetzel et al. 2016).
Island isolation and its effect on species richness 
is one of the two general patterns addressed by MacAr-
thur and Wilson’s (1963, 1967) equilibrium theory.  As 
an island becomes more isolated, the immigration rates 
of species decrease, along with species richness.  Island 
isolation is most often measured as distance to the near-
est continent.  However, isolation also can be a function 
of the islands immediately adjacent to the target island. 
Kalmar and Currie (2006) found that distance to nearest 
continent did have a negative relationship with insular 
avian richness but that these effects can be mitigated by 
the presence of neighboring islands.  Similarly, Carvajal 
and Adler (2005) found that archipelagos in the South 
Pacific, which contained larger islands, possess higher 
mammal species richness than archipelagos made up 
of small islands.
Human impacts on island biodiversity have been 
well documented.  These include historical colonization 
events (Cooke et al. 2017) and contemporary anthro-
pogenic activities (Chown et al. 1998).  Both situations 
commonly result in a loss of species diversity.  Cur-
rent human activities that threaten island biodiversity 
include hunting, land conversion, and the introduction 
of exotic species (Wiles and Brooke 2010; Valente et al. 
2017; Turvey et al. 2017).  Capture of animals for local 
consumption and trade often is uncontrolled on islands 
and can result in local extinctions (Riley 2002).  The 
introductions of exotic species to islands have caused 
the loss of native island biota through direct predation, 
competition for resources, or spread of exotic diseases 
(Altizer et al. 2001; Wikelski et al. 2004).  Although 
many native species have been impacted negatively 
by habitat loss and exotic introductions, some have 
benefited from these activities.  It is likely that native 
frugivores in the Caribbean, including bats (i.e., Ar-
tibeus spp. and Brachyphyla cavernarum), benefited 
from the expansion of many fruit trees, such as mango, 
papaya, and banana, throughout the Caribbean Islands 
(García-Morales et al. 2013; Ávila-Gómez et al. 2015; 
Jung and Threlfell 2016).   
Current climate conditions have a profound effect 
on species distributions and influence regional species 
diversity (Andrewartha and Birch 1954), however 
these variables (i.e., temperature and precipitation) are 
seldom used in studies of island biogeography.  This is 
surprising because the physiological limits of species 
are determined by variables such as temperature and 
precipitation, which also can influence primary pro-
ductivity on islands.  In cases where these variables are 
included, a significant correlation often has been noted 
(Abbott 1974; Chown et al. 1998).  Perhaps the most 
relevant findings to this study are those from Kalmar 
and Currie (2006) who analyzed global patterns of 
avian richness on islands.  Being the only two groups 
of extant volant vertebrates, birds and bats likely have 
similar patterns of colonization on islands.  They found 
that average annual precipitation and temperature on 
islands, along with area and distance from nearest 
continent, were significant predictor variables.
The chiropteran fauna of Caribbean islands has 
been the focus of several island biogeographical inves-
tigations.  In an early study, Rickles and Lovette (1999) 
found that island area was correlated significantly with 
species richness of bats in the Lesser Antilles, whereas 
elevation and habitat diversity showed no significant 
relationship.  Dávalos and Russell (2012) examined 
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the impact of modern island area and island area at the 
LGM on the richness of bat faunas.  They concluded 
that bat species lost over the Holocene were the result 
of the loss of island area with rising sea levels.  Willig 
and colleagues conducted two studies of island bat 
richness (Presley and Willig 2008; Willig et al. 2010) 
in the Bahamas, Greater Antilles, and Lesser Antilles. 
They found that inter-island distance was significant in 
predicting species richness in all three island groups 
and area was a significant predictor for the Greater and 
Lesser Antilles.  They also noted that elevation was 
significant for the Greater and Lesser Antilles, but less 
so than area.  Other investigations with a narrower focus 
have demonstrated the importance of island area and 
island elevation to the species richness of bat faunas in 
the Lesser Antilles (Genoways et al. 2001; Pedersen et 
al. 2018a).  The studies discussed above share particular 
characteristics, including:  no more than four variables 
were considered in any one study; each variable was 
considered individually for its impact on the bat spe-
cies richness; and none considered the Outer Islands 
located on the continental shelf of North, Central, and 
South America.  Further, since these findings were pub-
lished several biological surveys have been conducted 
throughout the region providing updated species lists 
for several of the islands (e.g., Genoways et al. 2010, 
2012; Kwiecinski et al. 2010, 2018; Larsen et al. 2012; 
Pedersen et al. 2013, 2018a, 2018b; Beck et al. 2016). 
The study of insular species richness has pro-
gressed well beyond the traditional and simplistic 
variables of island area and isolation, yet few studies 
of island biogeography have attempted to include 
a large suite of predictor variables in their analysis. 
Chiropteran richness on Caribbean islands has been the 
focus of several investigations but have been limited 
in the number of predictor variables utilized.  Further, 
recent surveys that resulted in updated species lists 
for many islands have not been included in any of the 
previous publications.  The objective of this study is 
to determine which variable(s) best predict bat species 
richness for islands in the Caribbean Basin.  This will 
be achieved by leveraging advanced GIS approaches 
and modern datasets to include a wide breadth of pre-
dictor variables and variable interactions, alongside 
the most contemporary list of bat species per island. 
These analyses provide unprecedented resolution to the 
biogeographic variables influencing bat faunas across 
all islands in the region.
meThods
Study area.—The study area consists of islands 
in the Caribbean Basin, which has a complex geo-
graphical and geological history (Iturralde-Vinent and 
MacPhee 1999; Bachmann 2001).  The basin contains 
the Caribbean Sea, which is differentiated from the 
North Atlantic Ocean on the northeast by the Bahamas 
Platform and along the east by the arc of the Lesser 
Antilles.  Other boundaries of the basin are defined 
by the South American continent to the south and the 
mainland of Central America along the west.  The Gulf 
of Mexico forms the northwestern boundary of the 
basin, being separated from the Caribbean Sea by a 
line running between the Yucatan and the Florida Keys 
(Nkemdirim 1997).  
Much of the Caribbean Basin is underlain by the 
Caribbean Tectonic Plate, which is a small plate wedged 
between the North and South American plates.  This 
plate had its origin during the Jurassic and Early Creta-
ceous and generally has moved in an eastward direction 
(Bachmann 2001; Giunta et al. 2006).  The northern 
boundary of the Caribbean Plate is approximately at 
the northern edge of the Greater Antilles marked by a 
broad east-west strike-slip fault zone.  To the south is 
a similar fault zone that approximates the north coast 
of South America.  The western edge of the plate lies 
in the Pacific Ocean west of Central America and the 
eastern boundary of the plate lies in the Atlantic Ocean 
to the east of the Lesser Antillean arc.  These last two 
boundaries are marked by: “Subduction and arc activity 
along the Lesser Antilles and Central America reflecting 
convergent interaction between the Caribbean Plate and 
the Atlantic and Pacific areas” (James 2005).
This study focused on multiple subsets of islands 
located in the region (Fig. 1).  These consisted of the 
Lesser Antilles, Bahamas, Greater Antilles, and Outer 
Islands.  The Lesser Antillean archipelagos are a vol-
canic Cenozoic arc, having formed west of where the 
Atlantic seafloor of the South American plate subducts 
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under the Caribbean plate (Macdonald et al. 2000). 
These islands form an arc that extends from Anguilla 
in the north southward to Grenada, with most of these 
islands probably emerging in the Oligocene to early 
Miocene (Speed et al. 1993; Graham 2003a).  The 
Lesser Antilles were never connected to a mainland, but 
some were connected to each other during the LGM. 
One island that often is grouped with the Lesser Antil-
lean chain, but that has a separate geological origin, 
is Barbados.  Barbados sits on an accretionary wedge 
of the eastern Caribbean plate boundary zone.  As the 
South American plate moves under the Caribbean plate, 
the softer sedimentary materials of the Atlantic Ocean 
floor are scraped into the wedged-shaped Barbados 
Ridge, which surfaced about a million years ago (Speed 
and Keller 1993; Speed 1994).  Genoways et al. (2011) 
contended that the chiropteran fauna of Barbados 
should be grouped with the Lesser Antillean fauna as 
the “Barbados subfauna.”
The Bahamas (including the Turks and Caicos), 
which lie to the east of southern Florida and north of 
Cuba and Hispaniola, consist of 29 carbonate islands 
and 661 cays and shallow banks (Carew and Mylroie 
1997).  These islands are underlain by oceanic crust 
on which thick carbonate banks developed beginning 
in the Late Jurassic, including several platforms, such 
as the Bahama Platform, and other geological features. 
The Bahamas were never connected to North America 
during the Last Glacial Maximum and have since lost 
considerable landmass due to rising sea levels.
The Greater Antilles extends from Cuba in the 
west to the Virgin Islands in the east.  These islands 
are associated with the strike-slip fault zone between 
the Caribbean Plate and the North American Plate, 
with the former moving to the east and the latter to the 
west.  These islands have complex geological histories 
involving tectonic activity.  Puerto Rico, Hispaniola, 
Figure 1.  Map of islands in the Caribbean Basin.  Dashed lines separate major island groups.  Outer islands used 
in the analysis are individually labeled.  Lighter shading indicates higher elevations.
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and Jamaica are situated fully on the Caribbean Plate, 
whereas Cuba sits on both the Caribbean and North 
American plates.  These islands have not been con-
nected directly to the mainland at any time during their 
history (Potter 2004).  The Virgin Islands all lie on the 
Puerto Rican bank except St. Croix and were connected 
to each other at the Last Glacial Maximum.  Southeast 
of the northern Virgin Island Platform, St. Croix is a 
pinnacle of an east-trending submarine ridge, the St. 
Croix Platform (Kwiecinski and Coles 2007).
The last grouping of islands in our study was des-
ignated the “Outer Islands”.  All but one of these islands 
(Cozumel) are located on the continental shelf of South 
and Central America to which they were connected at 
the Last Glacial Maximum.  They are located along 
the northern coast of South America from Trinidad and 
Tobago in the east to Aruba in the west and Cozumel 
lying just off the east coast of the Yucatan Peninsula of 
Mexico (Fig. 1).  The other two islands in this group 
were San Andrés and Providencia, part of the country 
of Colombia, but located off the northeastern coast of 
Nicaragua in the western Caribbean.  These two islands 
lie on the Nicaraguan Rise and are of volcanic origin 
(Pagnacco and Radelli 1962; Álvarez-Gutiérrez et al. 
2014).  During the height of Pleistocene glaciation, 
the lowered sea levels (~125 m) would have greatly 
reduced the distance between Central America and 
Jamaica by the emergence of the Nicaraguan Rise. 
At this point, it is unclear whether or not these two 
islands were ever directly attached to the mainland of 
Central America, but they would certainly have been 
much closer than at present (Hedges 1996; Graham 
2003b).  Previous studies of island biogeography in 
Caribbean bats (Presley and Willig 2008; Dávalos and 
Russell 2012) have excluded these outer islands from 
their analyses.  The authors reasoned that the different 
bat biotas found on these islands, their proximity to the 
mainland, and differences in island origin may bias the 
results.  It is true that certain characteristics of the outer 
islands are noticeably different than other islands in the 
Caribbean.  However they are still islands, in the tradi-
tional sense, located within the Caribbean Basin.  By 
including them in the analysis of all Caribbean islands 
and then analyzing them as a separate group, valuable 
information can be gathered on which variables are im-
portant in predicting bat richness throughout the region.
Data collection.—Bat species richness was 
determined through an extensive search of published 
literature and museum collections.  Recently published 
species-occurrence matrices for the Caribbean Islands 
(Willig et al. 2010; Dávalos and Turvey 2012) were 
updated by including data from recent surveys and 
museum searches via VertNet (www.vertnet.org).  No-
menclature largely followed Wilson and Reeder (2005) 
with the incorporation of recent taxonomic revisions 
(Kwiecinski et al. 2018; Pedersen et al. 2018a, 2018b; 
see also references in Appendix I).
For the purposes of this study, it was hypothesized 
that the number of bat species per island is dependent 
upon five general island characteristics—island area, 
island isolation, habitat diversity, human impact, and 
climate.  For each category, data were collected on 
multiple predictor variables (Appendix II).  Values 
published by Willig et al. (2010) were used for island 
area.  In the cases of islands included in this study, but 
not in Willig et al. (2010), an island’s area was ob-
tained from various gazetteers and published sources. 
The change in island area since last glacial maximum 
(LGM) was determined by first downloading gridded 
bathymetric data of ocean depths (www.gebco.net) for 
the focus area.  Next the gridded data was converted 
to contours at 5 m intervals.  Assuming a 125 m drop 
in sea level during the LGM, the 125 m contour was 
isolated around each island and a polygon was created 
by tracing its border.  Polygon area was calculated us-
ing the Zonal Statistics function in ArcGIS 9.3, divided 
into the current island’s area, and subtracted from one. 
This provided an index of percent land lost since LGM. 
Island isolation was measured in three ways. 
First, distance to mainland was recorded as the shortest 
distance (km) from an island to the nearest continent. 
Next, latitude and longitude were recorded from the 
middle point of each island.  Finally, a nearest neigh-
bor index was calculated to investigate the potential of 
neighboring islands as a source of colonization.  This 
variable was obtained using equation 2 from Kalmar 
and Currie (2006) who hypothesized that the impor-
tance of neighboring islands as a source of colonization 
is proportional to its area (A) and inversely proportional 
to the distance (D) from the target island:
= �
𝐴𝐴𝐴𝐴
(𝐷𝐷𝐷𝐷 + 1)2
 N
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The straight-line distance (km) from each island 
then was measured to all its adjacent islands.  An island 
was determined adjacent if there were no other islands 
between it and the target island and if its distance was 
less than the nearest continent.  If a target island had no 
island closer than a continent, a hypothetical neighbor 
was assigned at half the size of the smallest island in the 
data set and half the distance between the target island 
and the continent (Kalmar and Currie 2006).  
Habitat diversity was characterized by collecting 
data on the highest elevation for an island, island vol-
ume, and island ruggedness.  Elevation values reported 
in Willig et al. (2010) were used for most islands.  For 
the islands included in this study, but not in Willig et 
al. (2010), highest elevation was determined using 
Google Earth (https://www.google.com/earth).  Island 
volume and ruggedness allowed a higher level of detail 
in habitat diversity to be investigated on an island.  The 
justification for including these variables is that island 
topography is extremely diverse across the Caribbean 
Islands.  For instance, some islands are relatively flat 
(e.g., Bahamas), some possess a single peak often rep-
resented by a volcano, and others have multiple peaks 
and ridges.  In general, the more changes there are in an 
island’s topography the more variable the habitat should 
be.  The volume of an island was determined by first 
importing a raster file of elevation from the WorldClim 
dataset (www.worldclim.org) into ArcGIS 9.3.  The 3D 
Analyst tool was used to generate a triangular irregular 
network (TIN) file, which represents a 3D surface mor-
phology of an island, and calculate the surface volume 
of each TIN above sea level.  Island ruggedness was 
determined by finding the standard deviation of the 
slope of an islands elevation.  The Spatial Analyst tool 
was used to calculate the slope of the elevation raster 
and then calculate its standard deviation.  This mea-
sure of surface roughness has demonstrated favorable 
performance against other methods at multiple spatial 
scales (Grohmann et al. 2011).  
The potential impact of human activities on bat 
species richness was assessed by determining the tim-
ing at which humans first colonized each island and 
the modern human population density on each island. 
There is gathering evidence that human occupation of 
islands in the Caribbean during the Holocene resulted 
in most recent extinction events for bats (Pregill et al. 
1988; Soto-Centeno and Steadman 2015; Steadman 
et al. 2015).  The earliest human occupation of each 
island was determined by examining the most recent 
archeological research for each island (Wilson 1989; 
Berman and Gnivecki 1995; Stokes and Keegan1995; 
Moure and Rivero de la Calle 1996; Drewett 2000; 
Davis and Oldfield 2003; Saunders 2005; Callaghan 
2007; Steadman et al. 2007; Keegan et al. 2008, 2013; 
Davis 2011; Fitzpatrick 2011; Reid and Gilmore 2014; 
Cooke et al. 2016).  There are notable shortcomings 
in these data—variation in intensity of archeological 
research, whether or not the earliest sites have been 
found on each island, variation in radiocarbon dating 
methods, and whether or not corrections have been 
made to the radiocarbon dates.  However, it would be 
our hypothesis that the longer humans have occupied 
an island the more impact should be observed in the 
bat fauna.  These impacts could be both negative (loss 
of habitat) and positive (introduction of fruit trees). 
Human population size on each island was taken 
from the official national websites.  For many of the 
islands, this was sufficient, but for some nations that 
are composed of multiple islands (e.g., Bahamas), 
additional searching was required.  These were found 
by searching the websites of the individual islands or 
island subgroups.  Population numbers were taken 
from 2017 or 2018 when available, but for some of 
the smaller island nations the most recent population 
numbers were those from the last census in 2010.  The 
raw population numbers for each island were divided 
by the island area to determine its population density.
 Climate data for each island was downloaded 
from WorldClim Version2 (www.worldclim.org), which 
is a set of gridded global climate layers with a spatial 
resolution of 1 km2 and uses temperature and rainfall 
averages from 1970 to 2000 (Fick and Hijmans 2017). 
The climate of each island was summarized by collect-
ing data on average annual temperature and precipita-
tion, along with the average temperature of the warmest 
and coldest month and the average precipitation of the 
wettest and driest month.  These maps provide a gridded 
climate surface for each island.  In order to capture the 
variation in climate of each island, five random points 
were generated within an island.  Data for all six climate 
variables were collected at each point and averaged.
Data analysis.—A multi-model selection ap-
proach was used to investigate fluctuations in bat spe-
cies richness across the islands of the Caribbean Basin 
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(Burnham and Anderson 2002).  Model selection was 
applied to six combinations of islands—all islands, 
all islands minus the Outer Islands, Lesser Antilles, 
Greater Antilles, Bahamas, and Outer Islands.  Several 
candidate models were constructed a priori with the 
number of bat species per island as the response vari-
able.  A Pearson correlation matrix was performed on 
all explanatory variables to test for multicollinearity 
before constructing the candidate models.  Any vari-
ables with r2 > 0.7 were considered highly correlated 
(Leathwick et al. 2005) and not included in the same 
model.  The suite of candidate models included all 
single variable models and various combinations of 
predictor variables (Appendix III).  There was some 
variation in the candidate models among the different 
island groups due to different variable correlations that 
arose when the data set was separated.  A null model 
(“response = [1]”) also was included, which predicts 
that the number of bat species per island are random 
with respect to all variables.  
A generalized linear model (GLM) with a quasi-
Poisson distribution and a “log” link function was used 
to fit the models to the data (Burnham and Anderson 
2002).  This method was chosen because it is an appro-
priate framework with which to fit alternative models 
with different combinations of covariates and compare 
their fit (Russell et al. 2004; Williams et al. 2009).  To 
account for overdispersion, a common issue among 
count data, the quasi-Poisson link was used.  The “log” 
link specifies how the log transformed mean of the re-
sponse variable (species richness) relates to the linear 
predictors of the explanatory variable.  A GLM assumes 
a linear relationship between the transformed response 
variable (via the link function) and explanatory vari-
able.  To determine if this assumption was violated, 
component-residual plots were generated for all vari-
ables in each island group.  In two island groups (Carib-
bean Basin and Caribbean Basin minus outer islands), 
nonlinear relationships were found between species 
richness and the independent variables Area, Vol, and 
Rugg.  Each of these variables were log transformed to 
achieve linearity.  A quasi-Akaike Information Criteria 
with a correction for small sample sizes (QAICc) was 
used because of small sample sizes in island groups 
and because of the quasi-Poisson distribution.  The 
model with the lowest QAICc value was considered 
best-approximating, and models with ΔQAIC < 2 were 
significant and equally supported (Burnham and Ander-
son 2002).  Akaike model weights (w) were included to 
represent the probability of best fit among all candidate 
models (Burnham and Anderson 2002).  If more than 
one candidate model was equally supported, a model 
averaging procedure was performed to allow all signifi-
cant models to be used for inference.  Also reported are 
the average coefficient estimate, standard error, 95% 
confidence intervals, and relative importance (RI) of 
the parameters.  Relative importance was determined 
for each variable by summing the model weights (w) 
for each model the variable was present.  Values of RI 
range from 0 to 1 with higher values indicating higher 
importance in predicting species richness.  All statisti-
cal analyses were performed using R (3.5.1) statistical 
software (R Development Core Team 2018).  The R 
package “AICcmodavg” was used to implement the 
model selection and inference, whereas the package 
“car” was used to generate component residual plots.
resulTs
Data were collected from 85 islands (28, Greater 
Antilles; 24, Lesser Antilles; 23, Bahamas; 9, Outer 
Islands).  Species richness from all islands was 131 
species that comprised nine families (Appendix I).  The 
Outer Island Trinidad had the highest species richness 
(66) followed by Cuba (27) from the Greater Antilles. 
The highest species richness in the Lesser Antilles was 
equal on four islands (Dominica, St. Vincent, Grenada, 
and Guadeloupe), each with 12 species.  Finally, species 
richness in the Bahamas was greatest on the islands of 
Great Exuma and Long Island (six species each).  
The results showed variation among the best 
predictors of bat species richness on Caribbean islands. 
When all islands in the Caribbean Basin were included, 
one model best predicted (ΔQAICc < 2) species rich-
ness (Table 1).  Significant variables included island 
area (log(Area)) and timing of human colonization 
(YBP) (Table 2).  Both variables had a significant and 
positive relationship with species richness suggesting 
that larger islands with early colonization by humans 
had more species of bats. 
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Table 1.  Quasi-Akaike Information Criteria (QAICc) scores, differences in QAICc score 
between the ith and top-ranked model (Δ QAICc), quasi-Akaike weights (w), and number of 
variables (k) for models predicting the number of bat species on various groups of Caribbean 
islands.  Only models with Δ QAICc < 2.0 are reported.  
 Model variables QAICc Δ QAICc w k
Caribbean basin
Area+YBP 227.93 0.00 86.00 4
Caribbean Basin (minus Outer Islands)
Rugg 157.664 0.000 0.33 3
Vol 158.702 1.038 0.19 3
Rugg+Dist 158.725 1.061 0.19 4
Bahamas
“1” 48.85 0.00 0.14 2
Rugg 50.00 1.15 0.08 3
Greater Antilles
Area+Mint 69.41 0.00 0.48 4
Mint 69.54 0.13 0.45 3
Lesser Antilles
Elev 60.83 0.00 0.22 3
Elev+YBP 62.46 1.63 0.10 4
Rugg+Maxt 62.61 1.78 0.09 4
Maxt 62.68 1.85 0.09 3
Annt 62.80 1.97 0.08 3
Outer Islands
Rugg 40.14 0.00 0.40 3
Vol 41.26 1.12 0.23 3
Area 41.35 1.21 0.22 3
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Table 2.  Model average estimates of intercept and coefficients along with P values for 
the best fit models (Δ QAIC < 2) that predicts bat species richness for island groups 
in the Caribbean Basin.
 Estimate SE RI P
Caribbean Basin
(Intercept) 0.544 0.100 < 0.0001
Area 3.5 x 10-1 4.1 x 10-4 0.99 < 0.0001
YBP 3.5 x 10-4 2.1 x 10-5 0.99 < 0.0001
Caribbean Basin (minus Outer Islands)
(Intercept) 0.081 0.660 < 0.0001
Rugg 4.9 x 10-1 5.1 x 10-2 0.52 < 0.0001
Vol 3.9 x 10-1 2.8 x 10-2 0.19 < 0.0001
Dist -2.5 x 10-4 1.9 x 10-4 0.19 > 0.05
Bahamas
(Intercept) 0.760 0.400 - > 0.05
“1” - - - -
Rugg 4.9 x 10-4 2.1 x 10-4 - 0.061
Greater Antilles
(Intercept) 8.670 1.240 - < 0.0001
Mint -0.040 0.010 0.93 < 0.0001
Area 5.3 x 10-6 2.1 x 10-6 0.48 0.014
Lesser Antilles
(Intercept) 3.560 3.205 - < 0.0001
Elev 6.7 x 10-4 2.1 x 10-5 0.32 < 0.0001
Maxt -8.3x 10-3 8.3 x 10-3 0.18 < 0.0001
YBP 8.98 x 10-5 1.7 x 10-3 0.10 0.117
Annt -2.1 x 10-2 1.6 x 10-4 0.08 < 0.0001
Rugg 5.12 x 10-5 1.2 x 10-3 0.09 0.012
Outer Islands
(Intercept) 0.600 0.910 - < 0.0001
Rugg -0.070 0.080 0.40 < 0.0001
Vol -0.080 0.020 0.23 < 0.0001
Area 0.180 0.060 0.22 < 0.0001
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When the Outer Islands were removed from the 
analysis, variable importance shifted considerably. 
Three models possessed ΔQAICc values of less than 2 
(Table 1).  The variables island ruggedness (log(Rugg)) 
and island volume (log(Vol)) had significant and posi-
tive relationships with species richness. The variable 
with the highest relative importance value (0.52) was 
log(Rugg) (Table 2).  The other variable, distance 
from mainland (Dist), had a negative relationship with 
species richness; however, this relationship was not 
significant.
 When island groups were analyzed separately, 
each group had different variables that best predicted 
bat species richness (Tables 1, 2).  The Bahamas had 
two models that were equally supported (ΔQAICc < 2). 
Most notably among them was the Null (“1”) model. 
This indicates that all of the candidate models used 
to predict bat species richness in the Bahama Islands 
did no better than chance.  In the Greater Antilles, two 
models showed equal support.  These two models con-
sisted of two variables, island area (Area) and minimum 
temperature of the coldest month (Mint).  Minimum 
temperature had the higher importance value (0.93) 
and a significant negative relationship with species 
richness.  This suggests that Greater Antillean islands 
with cooler temperatures have higher species richness. 
Island area was also significant with a positive relation-
ship to the number of species but a lower importance 
value (0.48) than minimum temperature.  The Lesser 
Antilles had five equally supported models.  Elevation 
and maximum temperature each occurred twice in the 
top models and had significant relationships.  Elevation 
had the higher importance value (0.32) than maximum 
temperature (0.18).  As in previous results, elevation 
was positively correlated with species richness and 
maximum temperature had a negative correlation. 
Other significant variables included annual tempera-
ture (Annt) and island ruggedness (Rugg).  Annual 
temperature was negatively correlated and rugged-
ness was positively correlated with species richness. 
Both had low importance variables (0.08 and 0.09, 
respectively).  Finally, the Outer Islands had three, 
single variable models which were equally supported. 
All three variables, island ruggedness (Rugg), volume 
(Vol), and area (Area), were significant and possessed 
positive relationships with species richness.
disCussion
The Caribbean Basin possesses a wide range 
of islands with variable features (Appendix II).  For 
instance, several orders of magnitude difference exist 
in island area (Cuba = 114,524 km2; Grass Cay = 0.24 
km2).  Islands of the Greater and Lesser Antilles range 
considerably in their elevation and climate conditions, 
whereas the Bahamas are mostly flat and arid.  Finally, 
there is noticeable disparity in distance to the mainland, 
with many of the Bahamas and Greater Antilles located 
more than 800 km from the nearest continent. Com-
paratively, among the Outer Islands, none were found 
more than 125 km from the mainland.   
Previous biogeographical studies of bats in the 
Caribbean have excluded these outer islands due to 
the potential confounding effects of continental prox-
imity (Presley and Willig 2008; Willig et al. 2010; 
Dávalos and Russell 2012).  One of the objectives of 
this study was to investigate this relationship by both 
including and excluding the Outer Islands from the 
analysis.  The results herein confirm that the Outer 
Islands do influence the predictors of bat species rich-
ness.  Island area (log(Area)) and timing of human 
colonization (YBP) were both significant and most 
important when the Outer Islands were included; how-
ever, once removed, island ruggedness log(Rugg) and 
island volume log(Vol) became most important.  The 
importance of both log(Area) and YBP highlights an 
interaction related to the fundamental biogeographical 
processes that predicts that more species will be found 
on islands that are larger and/or located closer to the 
mainland (MacArthur and Wilson 1963, 1967).  The 
inclusion of YBP as predictor variable was an attempt 
to capture some of the impact humans have had on the 
island ecosystems.  However, it is logical to assume 
that patterns of colonization are similar for both bats 
and humans.  Islands with the earliest colonization by 
humans either were close to the mainland or possessed 
large surface areas.  These islands also possessed high 
numbers of bat species.  For example, Trinidad was 
the first island to be colonized (8000 ybp) by humans, 
is only 24 km from the mainland, and has the highest 
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bat species richness (66).  Whereas, Hispaniola is the 
third most remote island (933 km from mainland) but 
was colonized 6028 ybp by humans (4th earliest) and 
has the fifth most bat species (20).  
When the Outer Islands were analyzed separately, 
the effect of human colonization was absent.  These 
islands are located close to the mainland and most were 
colonized more than 2,100 years ago.  When these ef-
fects were removed, the best predictors of bat species 
richness were island ruggedness (Rugg), volume (Vol), 
and area (Area).  Similar results are seen in the remain-
ing Caribbean Islands (minus the Outer Islands) where 
log(Rugg) and log(Vol) were most important.  All these 
variables are highly correlated (Table 3) and can be 
considered indirect measures of habitat heterogeneity. 
Among the Bahamas, the “Null” was the best pre-
dicting model, indicating that no variable(s) predicted 
bat species richness better than chance.  Willig et al. 
(2010) found a similar result that species richness in 
the Bahamas was not significantly correlated to area, 
elevation, latitude, or hurricane disturbance.  The 
Bahamas are a group of carbonate islands located on 
the Bahama platform that mostly consist of old coral 
cores around which sand has accumulated (Carew 
and Mylroie 1997).  This has resulted in a group of 
relatively flat, dry islands (62.5 m maximum eleva-
tion; 93.7 cm average annual precipitation).  The fossil 
record of bats from the Bahamas suggest that multiple 
dispersal events have been attempted and ultimately 
failed (Koopman et al. 1957; Buden 1986; Morgan 
2001; Speer et al. 2015).  These factors have produced 
a group of mostly depauperate islands, with the high-
est diversity (six species) on Great Exuma and Long 
Island.  Presley and Willig (2008) noted that patterns 
of bat distribution in the Bahamas were idiosyncratic 
in regard to establishment of North American endemics 
and that the ranges of many species covered the entire 
region.  Given the lack of habitat and species diversity, 
along with unpredictable establishment events in the 
Bahamas, the “Null” model is a logical result.  Further, 
Table 3.  Pearson correlation values between island area and all other model variables among 
the different island groups.  Asterisk (*) indicates all islands of the Caribbean Basin minus 
the Outer Islands.
Variable
Caribbean 
Basin
Caribbean 
Basin* Bahamas
Greater 
Antilles
Lesser 
Antilles
Outer 
Islands
LGM 0.01 0.11 0.17 0.20 -0.41 0.29
Elev 0.60 0.61 0.12 0.76 0.71 0.66
Dist -0.06 -0.10 -0.49 -0.46 -0.05 -0.45
Vol 0.80 0.80 0.95 0.79 0.93 0.99
NNI 0.11 0.11 0.08 0.06 -0.13 -0.13
Pop -0.01 0.04 -0.12 0.09 0.15 -0.21
Rugg 0.84 0.83 0.86 0.83 0.90 0.97
YBP 0.37 0.45 -0.09 0.65 0.31 0.69
Lat 0.10 0.09 0.36 0.51 -0.03 -0.27
Long -0.19 -0.22 -0.51 -0.34 0.33 0.45
Annt -0.16 -0.15 -0.47 -0.31 -0.41 -0.30
Maxt 0.18 0.19 0.04 0.32 -0.38 -0.08
Mint -0.35 -0.37 -0.51 -0.61 -0.45 -0.37
Pann 0.04 0.04 0.47 0.25 0.53 0.18
Pmax 0.15 0.19 0.33 0.46 0.48 0.05
Pmin -0.04 -0.06 0.25 -0.14 0.51 0.48
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the Bahamas are the most active hurricane region in the 
western Atlantic.  The Caribbean Hurricane Network 
(2018) identified Abaco as the “Hurricane Capital of the 
Caribbean” because it has had more severe hurricanes 
(categories 3–5) in the period 1851 to 2010 (18 total) 
than any other island in the region.  There are also five 
more of the islands in the top 25 of this list—Grand 
Bahama, 2nd ; New Providence, 7th ; San Salvador, 13th; 
South Caicos, 21st; and Grand Turk, 24th.  Clearly, this 
is an unstable environment that has made it difficult for 
bats to establish reproductive populations.
In the Greater Antilles, the interaction of two 
variables, minimum temperature of the coldest month 
(Mint) and island area (Area), proved most important 
in predicting bat species richness.  Minimum tempera-
ture had a negative relationship and Area a positive 
relationship with species richness.  We suspect that 
the significance of these two variables is the result of 
the correlative interactions of area, temperature, and 
elevation.  In the Greater Antilles, area and elevation 
are positively and significantly correlated (Table 3), 
whereas elevation and temperature possess a signifi-
cantly negative relationship (Table 4).  Overall tempera-
ture will decrease at higher elevations that are found 
on the larger islands in the Greater Antilles.  Our data 
show that on the larger Greater Antillean islands (> 
500 km2), the average Mint is lower (16.7o C) than on 
islands <500 km2 (20.7o C).  Willig et al. (2008) noted 
that area, elevation, and latitude had significant effects 
on variation in bat species richness among the Greater 
Antilles.  They found that area alone explained most of 
the variation followed by elevation and then latitude. 
Area was one of the important variables herein but less 
so than Mint.  This could be due to the fact that Willig 
et al. (2008) used the log(Area) whereas the study re-
ported here did not transform area for this island group 
(see Methods).  Species richness was found to have a 
significant relationship with elevation (β = 6.6 x 10-4, P 
< 0.0001) and latitude (β = 0.33, P < 0.0001), although 
Table 4.  Pearson correlation values between island maximum elevation and all other model 
variables among the different island groups.  Asterisk (*) indicates all islands of the Caribbean 
Basin minus the Outer Islands.
Variable
Caribbean 
Basin
Caribbean 
Basin* Bahamas
Greater 
Antilles
Lesser 
Antilles
Outer 
Islands
Area 0.60 0.61 0.12 0.76 0.71 0.66
LGM 0.04 -0.14 -0.09 0.05 -0.69 0.63
Dist -0.06 -0.07 -0.30 -0.20 0.04 -0.26
Vol 0.67 0.68 -0.12 0.85 0.80 0.72
NNI 0.08 0.08 -0.07 0.02 -0.09 0.25
Pop 0.13 0.38 -0.08 0.37 0.08 -0.30
Rugg 0.70 0.71 -0.12 0.88 0.84 0.80
YBP 0.55 0.59 -0.11 0.63 0.23 0.68
Lat -0.28 -0.30 0.43 0.17 0.08 -0.63
Long 0.20 0.16 -0.27 -0.26 -0.03 0.75
Annt -0.59 -0.64 -0.43 -0.75 -0.77 -0.21
Maxt -0.48 -0.49 0.06 -0.18 -0.76 -0.21
Mint -0.47 -0.52 -0.49 -0.81 -0.73 -0.21
Pann 0.45 0.52 0.44 0.50 0.58 0.14
Pmax 0.45 0.56 0.26 0.66 0.52 0.01
Pmin 0.50 0.53 0.68 0.35 0.72 0.41
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neither predicted richness as well as the interaction of 
Area and Mint.
The Lesser Antilles arguably have seen the most 
attention with regards to bat research in the Caribbean. 
This includes large scale studies of island biogeography 
(Ricklefs and Lovette 1999; Morand 2000; Presley and 
Willig 2008; Willig et al. 2010; Dávalos and Russell 
2012) as well as individual island surveys (e.g., Peder-
sen et al. 1996, 2003, 2005, 2006, 2007, 2013, 2018a, 
2018b; Genoways et al. 2010, 2012; Kwiecinski et al. 
2010, 2018; Lindsay et al. 2010; Larsen et al. 2012). 
Five models provided equal support for predicting bat 
species richness in the Lesser Antilles (Table 3), with 
four variables having a significant relationship (Table 
4).  Elevation (Elev) had the highest importance value 
of all significant variables, followed by temperature 
(Maxt and Annt) and island ruggedness (Rugg).  Similar 
to the Greater Antilles, elevation has a relationship with 
temperature that is significant and negative (Table 4). 
Island ruggedness (Rugg), which was one of the mea-
sures of habitat diversity, also was highly correlated to 
both elevation (r = 0.84) and Area (r = 0.90).  
Previous biogeographic studies of Lesser Antil-
lean bats have produced varied results.  Ricklefs and 
Lovette (1999) found significant correlations between 
bat richness and island area, but not for elevation and 
habitat diversity.  Morand (2000) provided a compli-
mentary study to Ricklefs and Lovette (1999) by con-
ducting the same analysis with an additional variable 
of inter-island distances.  He concluded that geographic 
distances between islands, along with area, was signifi-
cant in explaining patterns of bat species richness.  In 
contrast, Willig et al. (2010) determined that variation 
in bat species richness was significantly explained by 
island area and elevation, but that inter-island distance 
had no effect.  This disparity was attributed to the im-
proved distributional data set that was available to them 
but not Morand (2000).  More recently, Pedersen et al. 
(2018b) produced species-area and species-elevation 
curves for the Lesser Antilles using the most current 
data on bat distributions.  They found that both area 
and elevation were significant, but that area explained 
the most variation for the full set of Lesser Antillean 
islands.  When they removed islands that had eleva-
tions <250 m (n = 4) and reran the analysis, island 
elevation explained more variation than area.  The 
most notable difference between the results reported 
herein and others is the absence of island area as an 
important predictor variable.  As mentioned above, this 
discrepancy is most likely the result of previous authors 
using log(Area) for the Lesser Antilles whereas this 
study used raw values of island area.  Aside from that, 
the findings herein generally support those of others 
in that elevation and other proxies of habitat diversity 
(climate and ruggedness) are effective predictors of 
bat species richness.
In addition to current island area, the area of an 
island during LGM has been noted as a significant 
predictor of bat species richness (Dávalos and Russell 
2012).  That study used estimates of island size and 
richness during LGM and compared those to current 
conditions.  They found that the change in island size 
explained levels of species loss in the Bahamas and 
Greater Antilles but not for the Lesser Antilles.  Peder-
sen et al. (2018b) noted that the exclusion of data from 
recent surveys (see paragraph above) and paleontologi-
cal studies (Stoetzel et al. 2016; Royer et al. 2017) in 
the Lesser Antilles could have affected their results. 
The current study used percent of land lost since 
LGM to predict current species richness.  Although 
LGM was not among the best predictors for any of the 
island groups, a significant relationship was detected 
between LGM and species richness, with the exception 
of the Bahamas (Caribbean Basin β = -1.21, P < 0.0001; 
Caribbean Basin (minus Outer Islands) β = -1.81, P < 
0.0001; Bahamas β = -0.418, P = 0.529; Greater Antil-
les β = -2.31, P < 0.0001; Lesser Antilles β = -1.041, P 
< 0.0001; Outer Islands β = 1.15, P = 0.0002).   Most 
islands have a negative relationship between LGM and 
species richness, indicating that fewer species were 
found on islands with a greater percentage of land 
lost.  For example, in the Lesser Antilles many of the 
smaller islands were connected during the LGM (Fig. 
2), whereas the larger islands with more species (i.e., 
Dominica, St. Lucia, St. Vincent) were not.  Thus, the 
smaller islands experienced a much greater degree 
of area loss than larger islands.  An exception to this 
trend was the Outer Islands, which possessed a positive 
relationship with LGM.   This is due to high diversity 
islands (Trinidad, Tobago, Margarita) being connected 
to South America during LGM and less species rich 
islands (Aruba, Bonaire, Curaçao) remained isolated.
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The objective of this study was to determine 
which variable(s) best predicted bat species richness 
for islands in the Caribbean Basin.  Although several 
variables had significant relationships with richness, 
those which corresponded to measures of island area, 
habitat diversity, and climate provided the best pre-
diction of bat species richness.  Habitat diversity on 
islands is often the results of island area and variation 
in elevation with its corresponding gradients of tem-
perature and precipitation (Willig et al. 2010; Ricklefs 
and Lovette 1999).  Along with elevation and climate, 
other estimates of habitat diversity (island ruggedness 
and volume) were shown to have high relative impor-
tance in predicting species richness.  Recent studies 
have noted the importance of these variables, with 
many arguing they should be combined into a single 
framework when predicting species richness (Davidar 
et al. 2001; Carvajal and Adler 2005; Triantis et al. 
2005; Panitsa et al. 2006; Báldi 2008; Kallimanis et al. 
2008; Frick et al. 2008).  The results provided in this 
km
Figure 2. Bathymetric map of the Lesser Antilles showing the extent of exposed land during the last 
glacial maximum.  Derived from Larsen et al. (2017).
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appendix i
Lists	of	bats	occurring	on	four	geographically	defined	groups	of	Caribbean	islands—Bahamas,	Greater	
Antilles and Virgin Islands, Lesser Antilles, and fringing islands.—These bat distribution lists were used as the 
basis of the analyses in this study.  These lists were developed by consulting the following literature: Hum-
melinck (1943), Koopman (1955, 1958, 1959, 1968, 1975), Koopman et al. (1957), Husson (1960), Goodwin 
and Greenhall (1961), Thomas (1966), Jones and Phillips (1970), Brown et al. (1973), Jones et al. (1973), Buden 
(1974, 1975, 1977, 1986), Smith and Genoways (1974), Varona (1974), Baker and Genoways (1978), Baker et 
al. (1978), Klingener et al. (1978), Genoways and Williams (1979), Silva Taboada (1979), Carter et al. (1981), 
Eschelman and Morgan (1985), Griffiths and Klingener (1988), Engstrom et al. (1989), Jones (1989), Breuil and 
Masson (1991), Morgan (1994), Bekker (1996), Petit (1996), Genoways et al. (1998), Genoways et al. (2001), 
Avila-Flores (2002), Clarke and Racey (2003), Pedersen et al. (2003), Timm and Genoways (2003), Gannon et al. 
(2005), Genoways et al. (2005), Pedersen et al. (2005), Simmons (2005), Dávalos (2006), P. Larsen et al. (2006), 
Pedersen et al. (2006), Petit et al. (2006), Gardner (2007), Genoways et al. (2007a, 2007b, 2007c), Kwiecinski 
and Coles (2007), Pedersen et al. (2007), Presley et al. (2008), Geluso et al. (2009), Gregorin (2009), Mancina 
(2009), Murray et al. (2009), Pedersen et al. (2009), Willig et al. (2009), Genoways et al. (2010), Kwiecinski et 
al. (2010), Rodríguez-Durán and Padilla-Rodríguez (2010), Borroto-Páez and Mancina (2011, 2017), Genoways 
et al. (2011), Tejedor (2011), Dávalos and Turvey (2012), R. Larsen et al. (2012), Smith et al. (2012), Alexander 
and Geluso (2013), Mantilla-Meluk and Muñoz-Garay (2014), Speer et al. (2015), Pavan and Marroig (2016), 
R. Larsen et al. (2017), Monatelli et al. (2017), Rocha Dias et al. (2017), Soto-Centeno et al. (2017), Speer et al. 
(2017), Kwiecinski et al. (2018), Pedersen et al. (2018a, 2018b), STINAPA (2018), and VertNet (2018).
Lists are presented in multiple parts for layout purposes, as follows:  A—Bahamas; B-1 and B-2—Greater 
Antilles and Virgin Islands; C—Lesser Antilles; and D—outer limits of the Caribbean.
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Appendix I, Part B-1.  Bat species occurring on the islands of the Greater Antilles.
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Noctilionidae
Noctilio leporinus 1 1 1 1 1 1
Mormoopidae
Mormoops blainvilli 1 1 1 1 1 1
Pteronotus macleayi 1 1 1 1
Pteronotus parnellii 1 1
Pteronotus portoricensis 1 1
Pteronotus pusillus 1 1
Pteronotus quadridens 1 1 1 1
Phyllostomidae
Ariteus	flavescens 1
Artibeus jamaicensis 1 1 1 1 1 1 1 1 1 1 1
Brachyphylla cavernarum 1
Brachyphylla nana 1 1 1 1
Erophylla bombifrons 1 1
Erophylla sezekorni 1 1 1 1 1
Glossophaga soricina 1
Macrotus waterhousii 1 1 1 1 1 1 1 1 1
Monophyllus redmani 1 1 1 1 1 1 1
Phyllonycteris aphylla 1
Phyllonycteris poeyi 1 1 1
Phyllops falcatus 1 1 1 1
Phyllops haitiensis 1
Stenoderma rufum 1
Natalidae
Chilonatalus micropus 1 1 1 1
Natalus jamaicensis 1
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Natalus major 1
Natalus primus 1
Nyctiellus lepidus 1 1
Vespertilionidae
Antrozous koopmani 1
Eptesicus fuscus 1 1 1 1 1 1
Eptesicus lynni 1
Lasiurus cinereus 1
Lasiurus degelidus 1
Lasiurus intermedius 1 1
Lasiurus minor 1 1
Lasiurus pfeifferi 1
Nycticeius cubanus 1
Molossidae
Eumops auripendulus 1
Eumops glaucinus 1 1
Eumops perotis 1
Molossus molossus 1 1 1 1 1 1 1 1 1
Mormopterus minutus 1
Nyctinomops laticaudatus 1
Nyctinomops macrotis 1 1 1
Tadarida brasiliensis 1 1 1 1 1 1 1
Totals 27 15 7 2 8 21 2 20 6 6 13
Appendix I, Part B-1.  (cont.)
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Appendix I, Part B-2.  Bat species occurring on the islands of the Virgin Islands.
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Noctilionidae
Noctilio leporinus 1 1 1 1 1 1 1 1 1 1
Mormoopidae
Mormoops blainvilli
Pteronotus macleayi
Pteronotus parnellii 
Pteronotus portoricensis
Pteronotus pusillus
Pteronotus quadridens
Phyllostomidae
Ariteus	flavescens
Artibeus jamaicensis 1 1 1 1 1 1 1 1 1 1 1
Brachyphylla cavernarum 1 1 1 1 1 1 1 1 1 1 1
Brachyphylla nana
Erophylla bombifrons
Erophylla sezekorni
Glossophaga soricina
Macrotus waterhousii
Monophyllus redmani
Phyllonycteris aphylla
Phyllonycteris poeyi 
Phyllops falcatus
Phyllops haitiensis
Stenoderma rufum 1 1 1 1 1
Natalidae
Chilonatalus micropus
Natalus jamaicensis 
Natalus major
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Natalus primus 
Nyctiellus lepidus
Vespertilionidae
Antrozous koopmani 
Eptesicus fuscus
Eptesicus lynni
Lasiurus cinereus
Lasiurus degelidus
Lasiurus intermedius 
Lasiurus minor
Lasiurus pfeifferi
Nycticeius cubanus
Molossidae
Eumops auripendulus
Eumops glaucinus
Eumops perotis
Molossus molossus 1 1 1 1 1 1 1 1 1 1 1 1 1
Mormopterus minutus 
Nyctinomops laticaudatus
Nyctinomops macrotis
Tadarida brasiliensis 1 1 1
Totals 4 3 2 1 3 3 5 5 3 3 2 5 1 1 1 6 5
Appendix I, Part B-2.  (cont.)
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Appendix I, Part D.  Bats species occurring on the islands along the outer limits of the 
Caribbean.  Many, but not all, of these islands are situated on the continental shelf.
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Emballonuridae
Diclidurus albus 1
Peropteryx macrotis 1 1 1 1
Peropteryx trinitatis 1
Rhynochonycteris naso 1
Saccopteryx bilineata 1
Saccopteryx leptura 1 1 1
Noctilionidae
Noctilio leporinus 1 1 1 1 1
Mormoopidae
Mormoops megalophylla 1 1 1 1 1
Pteronotus davyi 1 1 1 1
Pteronotus fuscus 1 1 1
Pteronotus  mesoamericanus 1
Pteronotus personatus 1
Phyllostomidae
Ametrida centurio 1 1
Anoura geoffroyi 1
Artibeus jamaicensis 1 1 1
Artibeus lituratus 1 1 1 1
Artibeus planirostris 1 1 1 1
Carollia perspicillata 1 1 1
Centurio senex 1 1 1
Chiroderma trinitatum 1
Chiroderma villosum 1 1
Choeroniscus minor 1
Dermanura phaeotis 1
Dermanura sp. 1 1
Desmodus rotundus 1 1
Diaemus youngii 1 1
Enchisthenes hartii 1
Glossophaga longirostris 1 1 1 1 1 1
Glossophaga soricina 1 1
hoffman eT al.—baT speCies riChness in The Caribbean basin 367
Families and species of bats C
oz
um
el
Pr
ov
id
en
ci
a
Sa
n 
A
nd
re
s
A
ru
ba
B
on
ai
re
C
ur
aç
ao
 
Is
la
 d
e 
M
ar
ga
rit
a
To
ba
go
Tr
in
id
ad
Glyphonycteris daviesi 1
Glyphonycteris sylvestris 1
Lampronycteris brachyotis 1
Leptonycteris curasoae 1 1 1 1
Lonchorhina aurita 1
Lophostoma  brasiliense 1
Mesophylla macconelli 1
Micronycteris hirsuta 1
Micronycteris megalotis 1 1 1 1
Micronycteris minuta 1
Micronycteris schmidtorum 1
Mimon cozumelae 1
Mimon crenulatum 1
Phylloderma stenops 1
Phyllostomus discolor 1 1
Phyllostomus hastatus 1 1
Platyrrhinus helleri 1
Sturnira sp. nov. 1 1
Sturnira tildae 1
Tonatia saurophila 1
Trachops cirrhosis 1
Trinycteris  nicefori 1
Uroderma bilobatum 1
Vampyrodes caraccioloi 1 1
Vampyrum spectrum 1
Furipteridae
Furipterus horrens 1
Thyropteridae
Thyroptera tricolor 1
Natalidae
Natalus mexicanus 1 1 1
Natalus micropus 1 1
Natalus tumidirostris 1 1 1 1 1
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Vespertilionidae
Eptesicus brasiliensis 1 1
Lasiurus blossevillii 1 1 1
Lasiurus ega 1
Myotis attenboroughi 1
Myotis keaysi 1
Myotis nesopolus 1 1 1
Myotis cf. nigricans 1
Myotis pilosatibialis 1
Myotis riparius 1
Rhogeessa io 1
Rhogeessa minutilla 1
Rhogeessa parvula 1
Molossidae
Cynomops  greenhalli 1
Eumops auripendulus 1
Eumops nanus 1
Molossus bondae 1
Molossus molossus 1 1 1 1 1 1
Molossus rufus 1 1
Molossus sinaloae 1
Nyctinomops  laticaudatus 1 1
Promops centralis 1
Promops nasutus 1
Tadarida brasiliensis        1
Totals 17 3 3 8 9 9 16 21 66
Appendix I, Part D.  (cont.)
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Appendix II, Part 2. 
Islands Climate
Islands an
nt
m
ax
t
m
in
t
an
np
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ax
p
m
in
p
Grand Bahama 242 317 159 1487 238 50
Little Abaco 242 320 158 1452 207 62
Great Abaco 245 319 170 1135 188 40
Eleuthera 250 318 183 1042 190 28
Andros 250 320 179 1206 190 28
New Providence 247 317 178 1230 213 30
Cat Island 256 320 193 945 183 24
San Salvador 255 319 192 1072 218 30
Darby island 255 318 191 903 155 21
Great Exuma 257 319 194 936 159 21
Little Exuma 258 320 198 745 106 25
Long Island 259 321 196 895 172 26
Crooked Island 262 324 202 848 149 22
Acklins 262 323 202 831 141 25
Long Cay 264 325 203 843 145 20
East Plana Cay 260 322 201 822 140 28
Mayaguana 259 319 200 799 130 33
North Caicos 259 317 202 688 110 31
Providenciales 258 317 200 726 115 30
Middle Caicos 260 317 204 667 110 30
East Caicos 260 318 205 644 107 29
Little Inagua 258 319 196 943 166 22
Great Inagua 258 322 195 700 112 17
Cuba 252 330 167 1487 254 26
Isla de la Juventud 253 319 175 1539 242 28
Cayman Brac 261 323 195 1225 180 30
Little Cayman 263 324 197 1239 179 29
Grand Cayman 264 319 204 1384 220 25
Jamaica 215 268 161 1871 323 73
Navassa 265 319 207 1661 227 63
Hispaniola 242 324 160 1238 219 54
Gonâve 250 316 173 1037 153 23
Isla de Mona 255 313 190 1018 124 36
Puerto Rico 241 307 167 1786 242 68
Vieques 258 313 199 1348 174 51
Isla de Culebra 260 311 204 1155 152 44
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Islands Climate
Islands an
nt
m
ax
t
m
in
t
an
np
m
ax
p
m
in
p
Anegada 265 309 218 1039 137 49
Mosquito 266 311 219 1070 144 47
Virgin Gorda 243 291 194 1250 163 53
Great Camanoe 265 310 218 1123 150 48
Guana 265 311 217 1139 152 49
Tortola 245 294 195 1216 161 47
Beef Island 266 311 217 1129 151 47
Jost Van Dyke 265 314 215 1157 149 48
Norman 265 313 216 1127 152 44
Saint Thomas 258 308 206 1110 142 45
Thatch Cay 266 316 214 1096 142 44
Lovango Cay 266 317 214 1107 143 44
Grass Cay 266 317 214 1107 143 44
Saint John 259 309 208 1190 155 47
Saint Croix 263 312 211 1098 143 43
Anguilla 268 311 222 992 123 45
Saint Martin 248 292 201 1196 148 53
Saint Barthélemy 270 313 223 1015 125 45
Saba 230 275 181 1415 189 58
Sint Eustatius 262 305 215 1167 166 51
Saint Kitts 242 286 194 1577 193 68
Nevis 241 286 191 1683 200 76
Barbuda 266 308 218 924 107 38
Antigua 261 303 211 1133 148 41
Montserrat 245 295 193 1871 222 87
Guadeloupe 242 292 185 2807 324 105
La Désirade 250 300 195 1344 168 52
Marie-Galante 253 301 198 1444 195 57
Dominica 239 290 184 2551 293 115
Martinique 249 292 201 2169 281 74
Saint Lucia 236 284 183 2290 290 87
Saint Vincent 215 263 161 2834 340 117
Barbados 248 299 187 1446 194 45
Bequia 267 315 215 2144 282 77
Mustique 267 314 214 2095 275 74
Canouan 268 315 216 2053 263 70
Appendix II, Part 2. (cont.)
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Islands Climate
Islands an
nt
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ax
t
m
in
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Mayreau 268 315 218 2025 257 68
Union Island 262 308 211 2106 259 72
Carriacou 268 314 217 1991 247 65
Grenada 246 293 194 2215 268 76
Cozumel 260 326 189 1392 224 33
Providencia 263 308 218 2439 366 35
San Andrés 264 309 220 2273 345 30
Aruba 273 320 228 432 80 10
Bonaire 275 311 239 449 96 13
Curaçao 274 319 233 541 106 15
Isla de Margarita 276 325 223 590 110 11
Tobago 248 296 196 2258 291 67
Trinidad 256 308 200 2046 257 61
Appendix II, Part 2. (cont.) 
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Model Island group
Spp = Area All
Spp = Vol All
Spp = Elev All
Spp = Rugg All
Spp = LGM All
Spp = Dist All
Spp = NNI All
Spp = Pop All
Spp = Lat All
Spp = Long All
Spp = Annt All
Spp = Maxt All
Spp = Mint All
Spp = Pann All
Spp = Pmax All
Spp = Pmin All
Spp = [1] All
Spp = Rugg+Dist All
Spp = Area+Dist All
Spp = Pop+Rugg All
Spp = Area+NNI+Annp All
Spp = LGM+Pop+YBP All
Spp = Rugg+Pop+YBP All
Spp = NNI+vol+Pop+Mint All
Spp = Dist+NNI+Rugg+Pop+YBP All
Spp = Area+NNI+Annt BA
Spp = Dist+NNI+Pmin BA
Spp = Maxt+Mint+Pann BA
appendix iii
List of candidate models used to predict the number of bat species (Spp) on islands in the Caribbean Basin 
and the island group analyses they were used in: All = all island groups; BA = Bahamas; CB = all islands in the 
Caribbean Basin; GA = Greater Antilles; LA = Lesser Antilles; OC = islands located on or near the continental shelf.
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Model Island group
Spp = Dist+LGM BA
Spp = Rugg+Pmin+Maxt+Dist+NNI BA
Spp = Rugg+Pmin BA
Spp = Long+Rugg+Pmin BA
Spp = Annt+Mint+Pmax+Pmin CB
Spp = Area+Maxt+Pmax CB
Spp = Rugg+Annp+Maxt+Dist+NNI CB
Spp = Vol+Pmax+Pmin CB
Spp = Elev+Mint+Pmax CB
Spp = Area+YBP CB
Spp = Area+Elev CB
Spp = Annt+Pmax LA
Spp = Area+Dist+NNI BA, GA
Spp = Area+YBP+Annt BA, LA
Spp = Dist+NNI+Lat+Long CB, LA
Spp = Annt+Mint+Pmax+Pmin CB, LA
Spp = Dist+NNI+Annt+Pann GA, OC
Spp = Maxt+Pmax GA, OC
Spp = Annt+Vol+Pop+LGM GA, OC
Spp = Area+Mint GA, OC
Spp = Area+Elev+Dist+NNI CB, LA, OC
Spp = Rugg+Pann+Maxt+Dist+NNI GA, LA, OC
Spp = Rugg+Maxt GA, LA, OC
Spp = Area+Annt+LGM+Dist BA, GA, LA, OC
Spp = Elev+YBP BA, GA, LA, OC
Spp = Area+Maxt+Pop BA, GA, LA, OC
Spp = LGM+Dist+Elev+Annt+Pann CB, GA, LA, OC
